Abstract. In order to improve the model used for the ephemerides of Phoebe, the 9th satellite of Saturn, we started observations in 1998. We made 135 observations in 1998 and 39 observations in 1999 using the 120 cm-telescope of Observatoire de HauteProvence, France. We used a numerical integration in order to calculate new initial conditions and to be able to build new ephemerides. We also used some precise observations made from 1995 to 2000 together with old observations for that purpose. The result is a decrease in the uncertainties on Phoebe's orbit.
Introduction
The theoretical model and the ephemerides of the motion of the 9th satellite of Saturn, Phoebe, used at IMCCE (Institut de Mécanique Céleste et de Calcul desÉphémérides) and distributed through the Web, needs improvement because of the few astrometric observations made since its discovery in 1904 and of the decrease of the accuracy of the ephemerides. We started a campaign of observation and used the data obtained for the determination of a new ephemeris. This paper provides the results. The set of data, together with some explanations of the problems encountered during the reduction of the data, are provided by Fienga et al. (2002) .
The theoretical model for the Phoebe's orbit
The model used to determine the Phoebe's orbit is the same as that determined in 1982 (Bec-Borsenberger and Rocher) i.e. a numerical integration of the motion of Phoebe around Saturn mainly taking into account the perturbations by the Sun, Jupiter, Uranus, Neptune and Titan that are sufficient for the fit to the observations; perturbations by the other major planets, the Earth, Mars, Uranus are also taken into account, but as the perturbations due to the other satellites and the oblateness of Saturn, these perturbations are negligible since they are two orders smaller (Jacobson 1998 The calculated ephemeris of Phoebe is obtained by the predictor-corrector numerical method of Bulirsh & Stoer (1966) , using the code written by Balmino in 1969.
For the computation of the perturbations by major planets and of the geocentric position of Phoebe, the SLP96 ephemeris of the IMCCE is used. This ephemeris is extracted from VSOP87 (Bretagnon & Francou 1988) and from ELP2000/82 (Chapront-Touzé & Chapront 1988) . Since the SLP96 position error is about 0.2 for Saturn, this will limit the precision of the geocentric calculated positions of Phoebe. The perturbations by Titan are computed using its positions derived from Dourneau's theory (1987) .
The equations of motion are written in the reference system ICRS with rectangular planetocentric coordinates.
The initial conditions used are derived from the rectangular equatorial saturnicentric coordinates in the reference system 1950.0, published by Bec-Borsenberger & Rocher (1982) , for the epoch JD 2 440 600.5 TT (14 January 1970, 0h TT) in astronomical units (au) and astronomical units per day (au/d):
x = −0.081 701 905 00 au y = +0.035 813 538 00 au z = +0.026 450 374 00 au x = +0.000 295 620 70 au/ḋ y = +0.000 795 819 37 au/ḋ z = +0.000 341 977 13 au/d. These values have been obtained by fitting the computed orbit using the DE102 ephemeris (Newhall et al. 1983 ) to 182 observed positions of Phoebe, from 1904 to 1982.
From these values and for the initial epoch JD 2 440 600.5, new sets of initial conditions were determined that included 
For this determination, denoted "set (1)" in the following, the mean value and the root-mean-square of residuals in right ascension and declination are given in Table 1 .
The fit to the observations
Our goal is to determine new initial conditions using old observations and the new ones made in 1998 and 1999 at the HauteProvence observatory together with other new precise data.
Old observations
For our purpose, we selected old observations to have observations spread over a long interval of time in order to model the long period terms in the motion of Phoebe. We used 167 photographic observations made from 1904 to 1989, corresponding to 118 nights of observations and to 20 oppositions of Saturn, denoted P in the following.
New observations
We used also more recent CCD observations: 7 observations made at La Palma observatory in 1995 and 1997 corresponding to 7 nights (each observation is a normal point for one night corresponding 
Our observations
To increase the number of data available, we made ourself new observations. The observations were made at Observatoire de Haute-Provence, France, using the 120 cm-telescope. The focal length is about 7 meters. The CCD target is 1024 × 1024 with a scale of 0.68 arsec per pixel. The field of the target is about 12 min of a degree. The observations were reduced using the USNO A2 catalogue with the PRIAM software (Fienga & Berthier 2001) . Zonal corrections were made with the observations of ICRF references in the fields. More details are provided in Fienga et al. (2002) together with the data themselves.
The observations were made in 1998 and 1999. 84 images were made in August 1998, 10 images were made in September 1998, 35 images were made in December 1998, 16 images were made in October 1999 and 7 images in November 1999. We obtained 129 images in 1998 and 23 in 1999, i.e. a total of 152 images corresponding to 18 nights and 2 oppositions of Saturn. The coverage of the orbit of Phoebe is presented by Fig. 1 plotting the observed right ascensions and declinations on Phoebe's orbit projected on the plane of Saturn's orbit.
Determination of initial conditions
In the following, the different sets of observations will be designated as indicated below by: Starting from the set (1), a new set of initial conditions was calculated at the epoch JD 2 440 600.5 by fitting the orbit to the observations : P+H+S. For this determination, the fact that the H observations are combined into one normal point for each night is taken into account for the weighting of the equations; furthermore, the CCD observations are considered four orders more accurate than the photographic observations. The set (2) obtained in this way is: 
From this second set, another set of initial conditions was calculated at the same epoch by adding the OHP observations to the previous sets of observations. The resulting initial conditions are the following: 
The statistics (mean values and root-mean-squares of the residuals) resulting from these determinations are given in Table 1 .
3.5. Residuals, mean errors and root-mean-square of the residuals Table 2 provides for each set of initial conditions (1), (2), (3) the mean error , the root-mean-square of the residuals σ, and the standard deviation from the mean σ c , for the photographic observations P used for the present ephemeris published by IMCCE, and for the OHP observations used for the improvement of the ephemeris. One will find in Fienga et al. (2002) the analysis of the observations. The plot of (O-C)s for ephemerides built from set (2) are shown in Fig. 2 to display the precision of the observations. Table 2 allows us to know the precision of the different ephemerides.
Results and discussion
The new ephemerides that we built using a numerical integration with initial conditions fitted on the sets of observations that we presented here represent the motion of Phoebe with better accuracy than previous ones. We see that: -the old observations present the same , σ and σ c for the 3 fits; -the new OHP observations have large , σ and σ c for the fit corresponding to set (1); they have their , σ and σ c improved with the fit corresponding to set (2) including recent observations and have small , σ and σ c when they are itself used in the fit (set (3)). In the last case, the , σ and σ c are not degraded for old observations, which means that old observations, even though not precise enough, help improve the accuracy of the ephemerides. Our goal is to be able to extrapolate the ephemerides with sufficient accuracy that will be measured in future observations.
In the paper by Fienga et al. (2002) , it is shown that any improvement of the star catalogue used for the reduction of the observations help greatly to increase the level of accuracy of the observations and then the ephemerides built from them. Future observations should be reduced using the UCAC catalog for this purpose.
Conclusion
Our work shows that we need to gather more observations and to make new ones in order to be able to get ephemerides that we can extrapolate to have positions of Phoebe in the next years with sufficient accuaracy. Accurate observations linked to ICRF sources will permit one to improve the dynamical model of the motion of Phoebe by analyzing the (O-C)s and consequently the motion of Saturn itself, the astrometric observations of which are very difficult to make.
